Background: We retrieved different reports containing different genetic effects of − 1082 A/G, − 819 T/C, and − 592 A/C polymorphisms within the IL-10 (interleukin-10) gene on the susceptibility to clinical atopic dermatitis.
Background
Clinical atopic dermatitis is a common and chronic inflammatory disorder of the epithelial barrier with relapsing eczematous lesions and intense irritation [1] [2] [3] . The pathogenesis of atopic dermatitis remains unclear. The skin microbiome, genetics and innate/adaptive immune responses are closely related to the incidence and development of atopic dermatitis [4] [5] [6] [7] [8] [9] . For example, a genome-wide association study (GWAS) of 246 recalcitrant atopic dermatitis patients and 551 negative controls from the Korean population reported susceptibility loci within the 13q21.31 region [9] . In the current study, we are interested in quantitatively investigating the possible effect of interleukin-10 (IL-10) polymorphisms on susceptibility to atopic dermatitis.
The IL-10 cytokine participates in the modulation of acquired immune and anti-inflammatory responses [10, 11] . Within the promoter region of the IL-10 gene, three common single nucleotide polymorphisms (SNPs), namely, − 1082 A/G (rs1800896), − 819 T/C (rs1800871) and − 592 A/C (rs1800872), were identified [12] [13] [14] . Different results regarding the genetic effect of IL-10 polymorphisms on the risk of atopic dermatitis were reported by individual researchers. For example, the IL-10 -1082 A/G polymorphism was reportedly linked to susceptibility to atopic dermatitis in patients from India [15] , Italy [16] , and the Czech Republic [17] . Nevertheless, the IL-10 -1082 A/G polymorphism was not associated with atopic dermatitis risk in the Korean population [18] or Polish population [19] . In addition, the TT genotype frequency of the IL-10 -819 T/C polymorphism in atopic dermatitis patients was higher than that in healthy control subjects in India [15] . However, the CC genotype of the IL-10 -819 T/C polymorphism was also reported to be associated with an enhanced risk of severe atopic dermatitis in patients from the Czech Republic [17] . A negative association between the IL-10 -819 T/C polymorphism and atopic dermatitis risk was also reported in Saudi Arabia [20] and Taiwan of China [21] . This issue merits the performance of a relative meta-analysis.
Some meta-analyses examined the variable degrees of the effect of IL-10 SNPs on several skin-associated clinical diseases. For instance, the IL-10 -819 T/C polymorphism, rather than − 1082 A/G and − 592 A/C, was reported to be associated with a decreased risk of skin cancer [22] . In 2013, Chen, et al. conducted a meta-analysis to assess the possible impact of the IL-10 -1082 A/G polymorphism on the risk of atopic dermatitis [23] . Along with the enrolment of new publications, it is important to conduct an updated meta-analysis to reassess the role of the IL-10 polymorphisms in the risk of atopic dermatitis.
Methods

Database retrieval
Our meta-analysis follows the guide of preferred reporting items for systematic reviews and meta-analyses (PRISMA) [24] . The PRISMA-based flow chart is shown in Fig. 1 . In April 2019, five online electronic databases, including PubMed, Embase, Web of Science (WOS), China National Knowledge Infrastructure (CNKI) and WANFANG, were used to retrieve data by combining the different terms of "IL-10", "atopic dermatitis" and "polymorphism". OR Polymorphisms (Genetics)). The search strategy for Embase containing the Emtree and Synonyms: ('atopic dermatitis'/exp. OR 'atopic eczema' OR 'coca sulzberger disease' OR 'coca sulzberger syndrome' OR 'dermatitis, atopic' OR 'eczema atopica' OR 'eczema endogenous' OR 'eczema infantum' OR 'eczema, infantile' OR 'endogenous eczema' OR 'infantile eczema' OR 'neurodermatitis constitutionalis' OR 'neurodermatitis disseminata' OR 'neurodermatitis, atopic constitutional') AND ('il10' OR 'csif ' OR 'cytokine synthesis inhibitory factor' OR 'il 10' OR 'il-10' OR 'interleukin-10') AND ('genetic polymorphism'/exp. OR 'polymorphism (genetics)' OR 'polymorphism, genetic').
Study selection
After database retrieval, we designed our inclusion and exclusion criteria to select the eligible case-control studies for synthetic analysis. 
Data extraction
Subsequently, we extracted basic information, including first author, publication time (year), ethnicity, SNPs, genotypic or allelic frequency data in both controls and cases, control source, genotyping method, sample size, and P value of Hardy-Weinberg equilibrium (HWE). The Newcastle-Ottawa quality assessment Scale (NOS) scores of study quality were also measured.
Statistical analysis
After referring to several reported meta-analyses [25] [26] [27] [28, 29] , and sensitivity analysis (for the assessment of data stability). The high heterogeneity level was considered to perform the DerSimonian-Laird method under a random-effect model when I 2 was larger than 50% or the P value was less than 0.05. In contrast, the Mantel-Haenszel method under a fixed-effect model was used for the association test. In addition, the data of the odds ratio (OR), 95% confidence interval (CI) and P value were calculated under the allelic, homozygotic, heterozygotic, dominant, recessive and carrier genetic models in the overall meta-analysis as well as the relative subgroup analysis by the factors of ethnicity, country and HWE. Only the pooling results from at least three case-control studies were considered in our study.
Results
Enrolled studies
As shown in Fig. 1 , we initially identified a total of 222 studies, including PubMed (n = 28), Embase (n = 79), WOS (n = 104), CNKI (n = 1) and WANFANG (n = 10), and we removed the 82 duplicates. Additionally, we ruled out another 116 studies by the exclusion criteria shown in Fig. 1 . Moreover, after the eligibility assessment, we eliminated another six articles without the genotypic or allelic frequency data in cases or controls, and two articles regarding the other IL-10 variant were excluded. As a result, a total of 16 eligible case-control studies [15] [16] [17] [18] [19] [20] [21] [30] [31] [32] [33] [34] [35] [36] [37] [38] with the summarized basic information in Table 1 were enrolled. We observed population-based controls and high-quality controls (Additional file 1: Table S1 , all NOS scores greater than five) in each study.
Meta-analysis of IL-10 -1082 a/G SNP
During the meta-analysis of the IL-10 -1082 A/G polymorphism (Table 2 ), 14 case-control studies were enrolled for the models of allele G vs. A (1,593 cases/2095 controls) and AG + GG vs. AA (1536 cases/2041 controls); 13 studies (1499 cases/1909 control) for the AG vs AA and carrier G vs. A; 11 studies (1288 cases/1742 controls) for the models of GG vs. AA and GG vs. AA+AG. In the association test shown in Table 2 , we did not detect a significant difference between atopic dermatitis cases and population-based controls in the overall meta-analysis under the genetic models of allele G vs. A (P = 0.540), GG vs. AA (P = 0.853), AG vs AA (P = 0.265), AG + GG vs AA (P = 0.221), GG vs AA+AG (P = 0.540) and carrier G vs. A (P = 0.643). Likewise, we observed a statistically non-significant association in the subgroup analysis of "Asian", "Caucasian", "Poland", and "Y, with a P value of HWE >0.05" ( Table 2 , P > 0.05), only apart from the "Asian" subgroup under the GG vs AA+AG model (P = 0.003, OR = 2.22). However, when we excluded the studies with the P value of HWE < 0.05, the negative results were obtained in the subgroup analysis of "Asian/Y", "Caucasian/Y" and "Poland/Y" ( Table 2 , all P > 0.05). Forest plot data of overall meta-analysis under the allelic model ( Fig. 2a) and subgroup analysis by ethnicity under allelic (Additional file 2: Figure S1 ), heterozygotic (Additional file 2: Figure  S2 ) and dominant (Additional file 2: Figure S3 ) models were provided. In summary, the IL-10 -1082 A/G SNP may have no genetic effect on the risk of atopic dermatitis.
Meta-analysis of IL-10 -819 T/C SNP
In addition, for the IL-10 -819 T/C SNP (Table 3) , nine case-control studies (1228/1544) were included in the allelic model, while eight studies (1134/1358) were included in other models. As shown in Table 2 , negative results were detected in cases compared with that in OR odds ratio, Y P value of HWE >0.05, CI confidence interval population-based controls during the overall meta-analysis under the models of allele C vs. T (P = 0.547), CC vs. TT (P = 0.588), TC vs. TT (P = 0.405), TC + CC vs. TT (P = 0.433), CC vs. TT + TC (P = 0.821), and carrier C vs. T (P = 0.801). Likewise, we observed a non-significant association in the subgroup analysis of "Asian", "Y" and "Asian/Y", under all genetic models (Table 3 , all P > 0.05). The relative forest plots are displayed in Fig. 3a (overall meta-analysis under the allelic model), Additional file 2: Figure S4 (subgroup analysis by ethnicity under the allelic model), Additional file 2: Figure S5 (subgroup analysis by ethnicity under the heterozygotic model), and Additional file 2: Figure S6 (subgroup analysis by ethnicity under the dominant model). Our findings suggested that the IL-10 -819 T/C SNP may not be associated with the risk of atopic dermatitis. (Table 4) , nine case-control studies (1032/1363) were enrolled in the allelic model, while eight studies (938/1177) were in enrolled in other models. As shown in Table 4 , we only observed positive results in the overall meta-analysis under AC vs. AA (P = 0.039, OR = 0.77) and AC + CC vs. AA (P = 0.026, OR = 0.76) as well as in the subgroup analysis of "Asian" under allele C vs. A (P = 0.033, OR = 0.85) and AC + CC vs. AA (P = 0.049, OR = 0.77) but not others (all P > 0.05). It is worth mentioning that the negative results were observed in the "Asian/Y" subgroup, under all genetic models, when only the studies with the P value of HWE > 0.05 were included in the analysis of "Asian" subgroup. The relative forest plots are displayed in Fig. 4a and Additional file 2: Figures S7-S9 . The above outcomes did not provide evidence of the strong association between IL-10 -592 A/C SNP and atopic dermatitis susceptibility.
Heterogeneity, publication bias and sensitivity analysis
As shown in Additional file 1: Table S2 , a randomeffect model (DerSimonian and Laird method) was used under the heterozygotic and dominant models in the meta-analysis of the IL-10 -1082 A/G SNP; allelic, homozygotic, heterozygotic, dominant and recessive models of the − 819 T/C SNP; and allelic, homozygotic, recessive models of the − 592 A/C SNP (all I 2 > 50% or P < 0.05). In addition, we did not observe a large publication bias in most above analyses (Additional file 1: Table S3 , P > 0.05), only apart from the Egger's test under the allelic (P = 0.028) and heterozygotic (P = 0.021) models of the − 819 T/C SNP. Egger's publication bias plots are displayed in Figs. 2b, 3b and 4b. Our sensitivity analyses in Figs. 2c, 3c and 4c also suggested the statistical stability of pooling outcomes under the allelic models. Similar data were observed in other models (data not shown).
Discussion
In 2013, Chen, et al. included seven case-control studies [17-19, 21, 32, 34, 35] to perform a meta-analysis of the association between the IL-10 -1082 A/G polymorphism and the risk of atopic dermatitis [23] . In the present study, we collected the available data from diverse sources and finally added another eight new case-control OR odds ratio, Y P value of HWE >0.05, CI confidence interval studies [15, 16, 20, 30, 31, 33, 36, 37] to conduct another updated meta-analysis under the genetic models of allele A vs. G, GG vs. AA, AG vs AA, AG + GG vs AA, GG vs AA+AG and carrier A vs. G. Subgroup analyses stratified by ethnicity, country and HWE were also conducted. Our data failed to support the strong genetic link between the IL-10 -1082 A/G SNP and the risk of atopic dermatitis, which is in line with the outcomes of the above meta-analyses. Recently, another meta-analysis by Zhao, et al. [39] reported the same result on the potential association between IL-10 -1082 A/G SNP and atopic dermatitis susceptibility under the recessive model in the Association population. However, only three case-control studies [20, 30, 37] were enrolled in this comparison, and P value of HWE < 0.05 in controls of two studies [20, 37] were detected. With regards to IL-10 -819 T/C SNP, a meta-analysis containing nine case-control studies was performed under the six genetic models. The subgroup analysis by the ethnicity was also performed, when the studies with the P value of HWE < 0.05 were removed. We found that IL-10 -819 T/C SNP may not be strongly linked to the risk of atopic dermatitis. Even though the potential positive conclusion was observed under the recessive model in the Caucasian populations [39] , only two case-control studies [17, 35] were enrolled for synthetic analysis. The linkage disequilibrium between the IL-10 -819 T/C and − 592 C/A polymorphisms exists in some reports [15, 21] . However, different genotype frequencies were also reported in other reports [17, 18, 35, 37] . Here, we also pooled the available data to perform a meta-analysis, which did not strongly support the genetic relationship between the IL-10 -592 C/A SNP and the risk of atopic dermatitis. This is also in line with the conclusion of Zhao, et al. [39] .
Our meta-analysis exhibits several advantages. First, all eligible studies contain population-based negative control subjects. Second, our results of Begg's and Egger's tests OR odds ratio, Y P value of HWE >0.05, CI confidence interval ruled out the presence of large publication bias. Third, our sensitivity analyses support the stability of pooling results. Despite this, some disadvantages still may limit our statistical evaluation. First, as in other meta-analyses, a small sample size was enrolled in some analyses. For example, less than ten case-control studies were included in the overall meta-analysis of the IL-10 -819 T/C and − 592 C/A polymorphisms and all the stratification analyses. For the IL-10 -819 T/C SNP, only two case-control studies [17, 35] were included in the subgroup analysis of "Caucasian". Only three case-control studies were obtained in the subgroup analysis of "Poland" for IL-10 -1082 A/G polymorphism, and less than three studies were for the other subgroup analyses of "Country", such as "China" or "India". Second, a high heterogeneity level among studies was observed in some overall meta-analyses. Third, the genotypic distribution of control groups in some studies was not in line with the Hardy-Weinberg equilibrium. Fourth, of the eligible case-control studies, only allelic frequency data were extracted in one study [21] , and the combined genotypic frequency (AG + GG) of the IL-10 -1082 A/G polymorphism was obtained in another study [31] . Fifth, even though we obtained haplotypic data for the − 1082 A/G, − 819 T/C, − 592 A/C polymorphisms within the IL-10 genes, including "ACC", "ATA", and "GCC", very limited data resulted in the failure of related meta-analysis. Sixth, one meta-analysis reported that the − 590 C/T polymorphism within the IL-4 (interleukin-4) gene may be linked to the risk of atopic dermatitis, especially for Asian children [40] . Considering the extensive role of interleukins (ILs) in the immune responses of diverse organisms [41] [42] [43] [44] [45] , it is important to analyse the combined effects of different interleukin gene variants in either the resistance or susceptibility to genetic disorders, including many skin disorders, for a more objective and comprehensive assessment. However, we focused on the role of three SNPs of the IL-10 gene, one member in the interleukin gene family, in the susceptibility to atopic dermatitis in this study, based on the limitations of study publications. Given the contextual effects of the polymorphism and the diversity of the heterozygotic response, more interleukin gene variant-associated association investigations by additional adjusted clinical or environmental factors should be conducted when we can obtain access to more association investigation data for years to come.
Conclusion
Overall, based on the current case-control association data, IL-10 -1082 A/G, − 819 T/C and − 592 A/C polymorphisms may not be strongly related to atopic dermatitis susceptibility, which would be greatly strengthened by a larger sample size.
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